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Title of the Invention : 

Method for estimating channel in orthogonal frequency division multiplexing 
(OFDM) receiver and apparatus therefor 



Abstract : 

Method for estimating channel in an orthogonal frequency division multiplexing 
(OFDM) receiver and apparatus therefor are provided to effectively estimate the frequency 
response of a channel when a channel equalizer is implemented. Instead of not using a FIR 
filter as an interpolation filter for estimating the frequency response in a sub-channel to which 
a division pilot is not transmitted from the frequency response in the sub-channel that is 
obtained by the division pilot, fast Fourier transforming (FFT) is performed, and only a low 
frequency component is extracted from the result of FFT through a window signal, and then, 
components excluding the low frequency component are inserted by 0, and inverse fast Fourier 
transforming (IFFT) is performed, and the size of a signal that is obtained from the result of 
IFFT is corrected, thereby obtaining the desired frequency response of each sub-channel. 
Accordingly, more precise channel estimation can be achieved by FFT and IFFT, and there is 
no need of designing an additional filter, and thus the ASIC of the OFDM receiver can be 



easily implemented, thereby simplifying the structure of a system. 
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tl 20IQ. B ^^K^'^CHI 2]M goH£! ^H^tHIA1°j' ?H>4^^^Ei g£.HHJH 

01 2£EIAI ^XHa°J ^i3K*gSe *SoK?l SZJgEIS FIRgEIg M£olJ..\ ^~ CHdCHI'H 
^EIMSSKFFT)© £*SSU2, n H 1KHI Ai 73?i&SgEm ^£^51 §*| 4^ 3 0121^1 £ 
^£ S^= 0£S iTS'SfOl OM 5<:Q^E|0iie£!-(IFFT)8 ^So KM* 901 2 ^5: CHI BJ\m M§5hE£-W 
SJofe ^iH^ ^OHULtSMZM, B ejg- FFT S IFFTM Olgul-HSWSa SST 

*J" xHy^gOl g °WUEI- ^E2J IJEiM i^iST HR^h 2.01 0FDM^£!7|£J ASIC ^D| ©OIHrH 

^3 

E 1£ OFDM**!?!"] xH^^f^lM UEI-yj ^£E, 

E 2= 3#E|^ 0FDM£j § ^dlS^ ^£3 UE^ E g f 

E 3£ B HTSCHI ECfE 0FDM^a|7|oj ^y^g^xIM UEHH = ^£E, 

E 4a-4d^ E 3 &X|2J FFT/ 1 FFTH 01 St* ?|*J- E3. 
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B W3£ 0FDM4d7l°l JllS^SgfB S g-XIM ^ 2£SAI, §S| FFTEh IFFT1 0|g£J- ^iH^M ^ 

21-OJ ^^AS^ft^S STTlJ ■ — " 

St!" 201 Eh 

tlM AI^^CHIAI^ QAMHh VSB2J DXISW Old *>71l CHI ^ [in £011 COA1 S^^E^ 71 2| 1§E| 
CH, ^ EhxI^EhE 2£^EM ^BI3 n CH^^BJ ^j^^E^ tJ^EK J.^L[H, 2^ 
^EM ^aH 01^^ MCH E^S^2J Z^CHI SJ^^OI ^ii £|D1, H#^S 

01 ya*h= xi^oui^ oiatj- sxii^h cn^ ^zwisd. oisu ^ ^t:iim «a«pi ^lei-oi , ^i^ai 
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SSKOrthogonal Frequency Division Multiplexing; 0FDM)S5g-^! ?W e 0)1 S^SUl 2iQ. 

CH^g2| L\X\m S££J^iOi BH^ErM Arg^r= L1I etfKM, 0F0M£ 4^ LH XI 4>S2J ^£IIr(sub 

carrier)^ Ah©m= «^^aio^ 3 OIM01I Ai ST 4^ 2J=- H12h UOI, °i25r= ^ B.^»= 

Eh [OEI-AI , ^ &£IEh°J 2*Hh£Sgg S^£ICH£ #5h2t£DI gfi-ei ^Ilr^SirilrSiKFDMJOil b|tH 

^ek^ oieseoi SQ. 

Oldii!" ^ u^iEMHI VstKilOIEFM WS^rH UAi ElAliTd^l ^ 

□ All- ejH^EIOIiaSK Inverse Fast Fourier Transform; IFFT)CHI ^JtH ^H^S^CHlAi AIZ_rg 

^o^ ws^^ 2££ atSSQ. M^ffl-Hl gg]^ £m Atomic S2:CH^ (guard band)# 

ol-DL ^£^(HIAi = 01 ai 2^ °Alt!CK 

PAIl-TVSJ xH E -»£! DVB-T(Digital Terrestrial Television)^*! OFDMAI^SCHI 

A1 = Er3^ ^ CHI Al H^e (ghost )S JO^I £I*H ¥MUaS 1 -El (tap) xHy^ICTM 

ArSSHIr. xH^g5r7l = OFDM g^Ofl *»J|| SiTEl^ ^11^^ (boosted pilot)! OlgUrCH xH^2J 

^i^sss ^^ni- oi^ei ^ ^xh^ej ssroi^i ^^fe ^m^s uvch^iq. oiai- 

Ef-^^j- ^|^0| r^jgitai Broadcasting System for Television, sound and data services; framing 
structure, channel coding and modulation for digital terrestrial television, EBU/ETSI J-prETS 300 
744, May 1996j S T. Scalise et Al, A Prototype VLSI Solution for Digital Terrestrial TV 
Receivers Conforming to the DVB-T Standardj S§jOfl ^ 7|XH£IQI SiQ. 01 ^ Oil A1 *||AI£J 

tm^wm e in eaiwsq. 

e 1^ ser^ei ofdm^uisi tm^mym uem ^ssoiq. h 121 aiasa;?^ lhoie^ 

HIM! xH^gOil SWI HH s^r^ BIOIEKQIHHS^O 1 ), MWm*l DflOIEKHI 4»"SS ^£!m'3!# OIS 
t!" ^t«ofe xHy^§7|(12), ^' xHy*g(HI AIZJ^ XHHHgS miOIEH XI 3^ 

XIS?I(13)§ ^Bitt-Q. □0|E r Sg7l(14)^ A|<2£i HOIEHHI CHoH ?IIM>SSZtS 01© 

ora mi 01 Et-ag^ ^stNih oia^ ?fe £ 1 xHSgtl-71011 CH^ §*Tg E 2M g-^oi-oi £ 

0FDM2£A|±S£^E1 S£E|£ 0FDM£!2£ E r g£j A' m 1T0I £^E!EK 

av,|V <( 2 2 2 f /0) 

COAI, k= ^xH^Es, l~ OFDM^'M^s:, S^^E1lgJ^2:, ^ (t)^ ^ ^^y^J tih^Kj-^oi 

a. 

?|2J Aj ^ S^tl^ OFDMd^M ^^'^ 0FDM^£!?l^ ^aiei OFDMd^M ^lAjEH^S^ 0I^A|?1 H 
^^E|CHI«tKFFT)5HJl ^ jQ^ = E|QflaS.K IFFT)^^ OI^^EH^ ^^Eh ^ OFDM^j 

^0ilA1 LilOIEh^h ^xH^Ss^ £Ai= (Kmax + Krnin)/2, • , Krnax, zero blocks, Km in, - , 

(Kraax+Kmin)/2-10|Q. M^Bmizero blocks)^ OFDMiJ s:CH ^LHOil EilOtEr^^ S^SIIAI ^ 
SLSlLU^ (guard band)l 2JD|^Q. Q||0|EttllUHg7l(l I ^A1^ HIOIEhM iH^^ 

§M £l*H3t Xfl^M^M X-llTitJ- = ^xHy^s^l £l^(Kmin)^Ei 2|CH (Kmax)^£S ^HHH^^CK XHHH s 
S EilOIEfe iHa§^IM ^^h^ XH^^S7I(I2) ^ WS7I(13)S S^SLK 

£ 2^ 2£EI^ OFDM £^ ^dlS 711 LhEr^j xH^ ^trl ?I^H ^^Hh^^g 

Jc^k"t;:i» I n*(1 mod- 1 j I ^> _/;O s <- [ v^'w^-jcJ 

Ol^lAI, 1^ ^^°J^j^0II2, ^xHy°i^±^ 51^: (Km in) 0011 Al SCH (Krnax) 6816(8K°j ^°) 
1704(2K°J S°)D|-A|0|Eh. 

?|H| a| 2011 ETIol-Oj ^ ^jMCHIAI ^^il^^^ I2DII0IEI-DO olLW ZMttH, 3. °]S £ 

MCHlAi 3UI0IEh^ 2i^25 01^^ ^EH^ Lt-Er^EK ^H^o^^ 4^j^DhEh ^tl^ 
Ol^t^ =?gm OFOM^M^I ^^il^CHI CHoH xliy ^§71 (12)^ 2E^I^ L^OI 
^§^EK xHy^§^|(12)^ 21^ LilOIErXHHH^ 21(1 1)011 2J*H" HIUHSS LilOIErM^ ^^Hr^?i 
01 ^TEJ £1 CH SJ= E1I0IEKS 22J ^ Til SAI& *g m^)?] ^xHyCHI CHtf ^Hr^g&l 3 MiMIrl^ 
# M^H #S^Eh. ^, XH^^^7|(12)^ (k-Kmin) mod 3=0^ °^A|?|^ ^xH^oi^^ kCHI 

t\\$Y ^Ir^^&e MZ^9l^2\ S^7IS0|Lf 4^gOhEF2J S^'^ISM 0|g5|-D| ^S^EK Oi^ ?im 
01 2| ^jeCHlAi^ 3Li|0IEmi-Er^ ^E^^^M & ^ ^[>il ^|Eh xHy^§^l(12)^ Oil Ztm 0\^t[D\ 
UEHXI ^xHy0ilAi2J ^Eh4^e&^ 23-|«2j FIR(Finite Impulse Response)^ E1M SZ.^'Ei^ ArgSHDI 
^g^j-EK Oltlfl, a^'Ei^ S^£l^ ^ (k-Kmin) mod 3 = OM °^AI?|^ kCHI IHtUi^: ^Ai 7^ 
^ilr^^^ Ztm £112, LhEH Al kCHI CH^HAI^ 0^1 ^1 §>7|| £|H^ 23-|S^ S^^EIg ^^^S 

^ ^tm~ n^m ^ ^iek ai2^ki3)^ xm^y\02)mM nn^m mRt* ai 

XHHH^^I OlOIEhS AI2^ m LilO|E r S§T|(14)^ E^ttEf. HIOIEhfiS^I (14)^ XISS DIIOIEh 

oil CHoH tm^ ^m^B^zim o\gt\o\ moiE^gi 



m\ ^01 23-13 FIR^Eil 0|g5^ ^iy$gf ^^F^ ^EH 0F0M^ij7|BJ xH^^^I^ H 
7^71- ^3 [Hi ^K^^^S^J £~0| HE| ^Al ^ BSOI °i^Eh. M^, S^^EI 

^ ira*! sinclEiM Olg^FEiEr^ 23- E J 511^^^ S^OI XII CH^ OI^CNAIAl ^?i| ^ 

EK OFDM^I XH^^^I^ ^^UrSCHlAi ^^3^ Ml OI^CHS a^u^^j ^' ErOIS^ICHi ^tl S^^l 
^CHI^s£ ^^tH^OiO^I-H^ xHy£] ^H^^&^gOl g^W! OI^OiAlOt ^Eh. 
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tmM , B S3 21 §^ =?IEh£«B*gS F 1 RH E1 M ?l^££ m= EH d CHI 

FFT/IFFTM Ol^fe ^Si fllSSHHI SICK 

£ iTSSJ QH = 2S*J- FFT/IFFTM Ol©oh= 0FDM^£!7|2| xHy*S»B# SWIg HI h 

chi so-. 



012.1 ITS ^*ISS ITSSI-71 ?|*j- £ ^SCHI CCfE OFDM 4^? I ^ MB^SSBS, 0FDM^A|7|^ ^xH^g 
*IIM>Seg ^guh7[ ?|*J- ^SCHI SlOUi, (t) S^E|£ OFDMSSgSJ EilOIEH ^xHBeis: £M 
CHS Slofc EWIfiF, (2) gl£! QIOIEhMS BtflMIBOl £XH5fe ^xHy^l dhoiefsw B 
^' (3) ^m^l tt\Q\E.m S^OF H^EKWESKFFT) S ejH^EKHIESK IFFT)0]| 37t*> ^^f 

£ STS2J P-S i^uK?| ?|*J- 0FDM^£!7I^ »y*§§-3;|=, OFDM^i!7IOil Ai ^dEI = OFDMd 2 

M mmt= tmrnmym sioui, ej^ei= ofdmssssj ihioieu subsoil hhs^i-^ eiioi 

S! #71 CHI 01 EhXH HH s7|CHI JHHH^^I SiHEHSSlOl SJ= HOIE^ 

^xh^chi EHti ^dk^ss n ^^ E it mm *s§kq, 3 ^in^g&stoii im h^ei 

CHl^gj-(FFT) ^' 3:a^E|0ilBS-(IFFT)0fl MM MZWhOI UEHAI ^xH^CHI CHtl ^nK=§Sg ^gm= 

oisk g^ti- esmi g-i&ia b grass] u\&™*y MMmm mm ?mtv?\s. tio. 

5= 3^ H S-g2| H*.'A|D1I(HI [[fa 0FDM^£|7|2] JHa^SSWIS UEHH=- ^££^A1, E 1 g-«2| g 

s& =?&wm aioiEKHHHa^Kina- bioiei-ss^ch) ami mi e s-sw sjti- xhb^s^oo):?!- 

S^EIEU ^SBD. xH^g^(30)= nUHBS Ell 01 El-CHI tfEIS »£MEhHS£Si*E1 3 ^H^CHlAi 
2J XIIH8BS m^t= 111-1^-^71(31), gtfKHIHOI 3£E|AI ^ ^xHy QIOIEhDil CHoH 12 ^ 
?EKHiaSKFFT)g ^Jt\~ H^E|0i[S£h7l(FFT)(32), S OSMIUM S^OI- DIEI ^S£J 

^2CHI ^j^H ^E^i ^Kh£2^£J ^H^^EICHI^^e 4=tS3|-^ ^H^^E|(HI^E^|(IFFT)(33) 

£K ^Jl^^EICHI^E^|(33)ej 3HH 37|g Sg^fe 37ISg7|(34)M 5 ^Eh . OIBi^ 

^ £ 3 S-xICHI CH^ 5. 4a-4dM S k ^h01 M%t±Q. 

5. 3\}\\ M, A' 1^ 0FDMA|3:7|- 2^£ICfl, 0FDM4=£!7I= 4^dS 0F0M^2^ 7|7^CH 

OlgAI^J W H^^EICHIS^FOI m^O. Q^0|EfXHHH^7|(11)^ ^ OFDM^g^J E1I0IEI- 

s li^i ^i^hCH ^HUH^^O-. EilOIE^HbH^7|(1l)^ Ss^CHI EHgo^ Xil^M^^J PI 01 Bh 
MM M7\^y W ¥xHy^2^ ^MM s|^(Krrrin)Oil M SICH (Kmax)^A|£ XHHH^^Q. XHUH^^ LilOIEh^ 

ni-^^^^7i(3i)^ umm^ EiioiEaHCHi ^zm= ^c.m^.m ^, n^?i^^7i(3i)~ a 

ir^ ^ 3# ^xn^ej EiioiEhBM ^mt[o\ ^m^m^m d^ii^ xh^^ek 

^01 ^XH5^A| Sfe ¥xHy^J EilOIEhtHI CHoHAi^ £TSzJ- ^ 3^EIWISS-7I (32)S ^^t]-QK 3 
^E| (HI 2^71 (32)^ E 4a£h ^ S^^Oh H^^EICHI^E.^ 4=t«oH31 A|^'3^2J ai^M ^ 

Et-^S^^J ^E^AI^JEK £]E^^7I(33)= 71 ^g^^J 4bCHI gd£A|)M 0|g 

o hCT H^^^ICHI«^7|(32)2J ^qAi^CHlAi M^M^i ^7|H LhCH AI^^S m ^tlU(5. 

4c ^i). ^H^^E|CHI^^7|(34)^ SjE^Ai^Oil ^J^H ^^^.i E 4c£F ^ >J2:M ^H^^EICHI^^ 
M ^tS^FOI CI-AI AIZ^^^J ^^Q. 017|Ai^, H^EICHI^ih ^ ^H^^EICHm^M ?lt]" 

^qCilDIE^ 2/37h 001 Tjl^ll-gOl E^tH ^ 2iQ. H7iag7|(35)^ ^H^^E|CHI^^7| (34) 
^CHI 3°^^ S^hCH H7IM Sg^l-O] £ 4d£h ^ ^j^fe ^ ^xtiytHlAi^ ^E^^&M 
^^EK Olx-]^ ^CH2 xH^^J ^Kh^e&m OFDM^M^J ^ ^xH^^ tt\0\Eim Sg^l-3 xHy 

^^21-gOI &g9Qh 

Hh£h ^"01 B ^ h S^ 0FDM4^d7|SJ xH^^S^S S Sx|^, xH^^gAI FIR^EiM 0|g5|-@ B 
EH (HI HI^HA) FFT S IFFTH Olg^E^^ fiQ ^El-^e^ ^§0! 7^mH, OFDM^J 22J 

A| ^fitl- FFT ^' IFFT1 Olg^ES FIR^EiM ^£71- AS I C£ 71171- Z]-^HA|^ 

(57) M!¥f 

m=?t^ 1. 0FDM^A]7|^ ^XH^M^I ^K^^^e ^g^|-7| ^ ^CHI S1CHA1, 

(1) S^EI^ CFDM^ISw^l QIOIEI-M ^xH^^s ^AiEH^ gl^h^ E^K 

(2) SIS EllOIEhP^ Mi+EhSHOI ^^Hufe ^xH^BJ QilOIE^M ET71I ; 3! 

(3) ^m±} E1I0IEH S^^Ol H^^B|CHI«^(FFT) ^ « J1^*EI(HISS.K IFFT)(Hf Z71^ M^e 
W ¥x«^M ^H^g&# ^gtfe E^IM xHy^g^. 

2. 111 I^CHI ^CHAi, £71 M (2) B?1l^ gl^l UIOIEI-Mg ^^E^510l ^X^FAI ^xH 
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m=l*> 3. n 1*KHI SCHAL #71 H (3) E^l = 
(3a) OIOIEI-M 2^¥E|M^=»Sh= EWI; 

(3b) H^EIWISSHMI 2|tH 20)3 ?I^S^£J g!£^i!2(HI 3 SS^&5 B 

(3c) ^ta aihM 9)2^¥SIMffia«h£ 9 

SW 5. HI 4WHI 2J0U1, &?\ (3d) 9?l= em^EIWBgHW 2|*| 3UH 37|S M 

g^tJ 6. 0F0M4£!:>I(HIAI <*G£|£ OFDMdSS S3*h= MHS»7IM SHHAI. 

aoiEWHHHg^ioii nmm*± uoiEms g^m-saoi £im= ^xny2j dhoie^s ^mm 

H, UOUI ¥*U^ L1I0IEHHI CHtHAI^ 6TS«fe EHjH**:>l; 
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*i i : 



£&4a 



~ IPFT - 



.L±. 



T\ t r i i 1 1 K 1 1 1 i 1 1 -r 1 



Kf ri \ 



^&4b 



\\ J.t.lhll, 1,1 



^&4o 



^&4d 



Kmin Km in. 1 1 



Knn>>: 



5-5 



